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REMARKS 

Claims 33, 36, 37, 39, 40 and 54-62 were pending prior to entering the amendments. 
The Amendment 

SEQ ID NOs: 1-8 are inserted at the end of the specification. Applicants submit that the 
material being inserted is the same material incorporated by reference in the application and that 
the amendment contains no new matter (37CFR 1 .57(f)). Each sequence is obtained from the 
website of European Bioinformatics Institute (EBI) http:/www.ebi.ac.uk/, the sequence version 
that is closest to the priority date of this application, i.e. August 1, 2002, has been chosen for 



incorporation. 



Incorporated Materials 


Source of Amended 
Material 


Support from 
Application 


Sequence Version/Date 
(Entry History) 


SEQ ID NO: 1 
Gamma-Catenin 


Swissprot Accession 
Q86W21 


Page 29, Table 3 


1/June 1,2003 


SEQ ID NO: 2 
Ep-Cam 


Swissprot Accession 
PI 6422 


Page 29, Table 3 


1/July 26, 2002 


SEQ ID NO: 3 
E-Cadherin 


Swissprot Accession 
P12830 


Page 29, Table 3 


3/July 26, 2002 


SEQ ID NO: 4 
Alpha- 1 -Catenin 


Swissprot Accession 
P35221 


Page 28, Table 2 


1/July 26, 2002 


SEQ ID NO: 5 
Alpha-2-Catenin 


Swissprot Accession 
P26232 


Page 29, Table 3 


2/July 26, 2002 


SEQ ID NO: 6 
Beta-Catenin 


Swissprot Accession 
P35222 


Page 29, Table 3 


1/July 26, 2002 


SEQ ID NO: 7 
Involucrin 


Swissprot Accession 
P07476 


Page 30, Table 3 


1/July 26, 2002 


SEQ ID NO: 8 
P120 


Swissprot Accession 
060716 


Page 29, Table 3 


1/July 26, 2002 



The EBI sequence entry history and sequence of each gamma-Catenin, Ep-Cam, E- 
cadherin, alpha- 1 -Catenin, alpha-2-catenin, beta-Catenin, involucrin, and pi 20 are attached 
herewith. 

Claim 33 is amended to clarify the meaning of the claim. The amendment is supported 
by page 20, lines 13-27 and Example 5. 
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Claim 56 is amended to clarify the meaning of the claim. The amendments of (i) and (ii) 
are supported by Example 5, particularly page 46, Table 6. 

No new matter is introduced in any of the above amendments. 

Telephone Interview 

Applicants wish to thank Examiner Rawlings for the courtesy telephone interview dated 
April 3, 2008. Applicants have included Examiner's suggested changes in the claim 
amendments. Applicants are grateful to the Examiner for his valuable suggestions. 

The Response 

Non-Compliant Amendment 

4(a) Applicants have corrected errors in the prior amendment dated October 30, 2007 and are 
re-submitting the amendments herewith. 
4(b) The identifier of Claim 33 is corrected. 

New Matter Objection 

5. The amendment filed July 18, 2007 is objected to because it allegedly introduces new 
matter into the disclosure. 

Applicants have deleted the sequences of CK8, CK18, CK10, CK13, and pl6 INK4a . 
Applicants have provided a table listing the source of amended materials and the support from 
the application for SEQ ID NOs: 1-8. Applicants are submitting herewith the sequence entry 
history to show that each sequence version selected is the version of entry as of the effective 
filing date of the application. 

As to pi 6 INK4a , the protein sequence was first published by Serrano et al. {Nature, 
366:704-707, 1993), a copy of which is attached herewith. P16 INK4a represents a single gene 
product with a well-known sequence to a person skilled in the art. There is no ambiguity when 
reciting pi 6 INK4a in the claims. 
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Specification Rejection 

6. The specification is objected to because of the use of improperly demarcated trademarks. 
Applicants have made proper amendments at page 41. 

35 USC §112, First Paragraph Rejection, New Matter 

8. Claims 33, 36, 37, 39, 40 and 54-62 are rejected under 35 U.S.C. §112, first paragraph, as 
allegedly introducing new matters. 

The amendments above have overcome this new matter rejection. 

Claim Objections 

9. Claims 39, 40, 59, and 60 

Applicants have amended Claims 39, 40, 50 and 60 to overcome the objections. 

10. Claims 54 and 55 

Claim 54 is cancelled. Applicants have amended Claim 55 to overcome the objection. 

11. Claims 61 and 62 

Claim 61 is cancelled. Applicants have amended Claim 62 to overcome the objection. 

35 USC §112, Second Paragraph, Rejection 

13. Claims 33, 36, 37, 39, 40, and 54-62 are rejected under 35 U.S.C. §112, second 
paragraph, as allegedly being indefinite for failing to particularly point out and distinctly claim 
the subject matter which applicant regards as the invention. 

Applicants have properly amended the claims to address each of the rejections. 

35 U.S.C. §112, First Paragraph Rejection, Written Description 

14. Claims 33, 36, 37, 39, 40, and 54-62 are rejected under 35 U.S.C. §112, first paragraph, 
as allegedly failing to comply with the written description requirement. 

Applicants have amended Claim 33 to recite an active step of determining a threshold 
value of the normalization marker by measuring the level of the normalization marker in a 
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control sample solution containing an amount of ectocervical cells or endocervical cells. 

Applicants have amended Claim 56 to recite an active step of determining that (i) said 
human cervical body sample contains cervical dysplastic cells, cervical cancer cells, or high 
grade cervical intraepithelial neoplastic cells, when at least one of said normalization markers is 
present in the sample solution and the determined level of pl6INK4a in the sample solution is 
elevated above the level of pl6INK4a in the normal human cervical sample; or (ii) said human 
cervical body sample is inadequate for said determination of the presence of cervical dysplasia, 
cervical cancer or high grade cervical intraepithelial neoplasia, when none of said normalization 
markers is present. 

Therefore, the §112, first paragraph rejection of Claims 33, 36, 37, 39, 40, and 55-60 and 
62 should be withdrawn. 



For all the foregoing reasons, reconsideration of and withdrawal of all outstanding 
rejections is respectfully requested. The Examiner is earnestly solicited to allow all claims, and 
pass this application to issuance. 



Enclosures 

Serrano et aL, Nature, 366: 704-707 (1993) 
Sequence History of SEQ ID NOs:l-8 

HOWREY LLP 

2941 Fairview Park Drive, Box No. 7 
Falls Church, VA 22042 
Telephone No. (650) 798-3570 
Facsimile No. (650) 798-3600 



CONCLUSION 



Respectfully submitted, 



Date: May 14, 2008 
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However, cyclin D/CDK4 binary complexes catalysed substan- 
tial Rb phosphorylation (Fig. 4e, /). Addition of increasing 
amounts of p2I resulted in the accumulation of cyclin D/CDK4/ 
p21 ternary complexes (Fig. 4e), with a corresponding inhibition 
of Rb phosphorylation (Fig. 4f). Again, inclusion of PCNA 
was essentially without effect (our unpublished results). 

The ability of p21 to inhibit such disparate cyclin/CDK kin- 
ases suggests that p21 is a universal CDK inhibitor. Thus, over- 
expression of p21 in vivo would be expected, to cause cell-cycle 
arrest. To address this question, we examined the effect of p21 
overexpression on cell proliferation using a stable colony forma- 
tion assay 7 . Transfection of SAOS-2 cells with a pRcCMV vector 
alone yielded a large number of stable transformants. However, 
transfection with either of two independent preparations of a 
plasmid directing the overexpression of p21 failed to produce an 
appreciable number of colonies (results not shown). The effect 
of p21 overexpression was virtually identical to the effect of p53 
overexpression in a parallel transfection. These results indicate 
that p21 may be an inhibitor of cell proliferation. 

As we have previously found that p21 is absent from cyclin/ 
CDK complexes in cells lacking functional p53 (ref. 1), we iso- 
lated the murine p21 cDNA (data not shown) and examined 
p21 messenger RNA levels in fibroblasts derived from p53- c riuir 
mice. Compared with fibroblasts from normal embryos, p53 
'nuIF fibroblasts showed -50-fold lower levels of p21 mRNA 
(data not shown). Furthermore, p21 mRNA is induced —10- 
fold by y-irradiation of a p53* myeloid leukaemia cell line 
(mL-7) but is unchanged upon similar treatment of a myeloid 
leukaemia cell line 'that lacks p53 (hl-60; data not shown). 
These results indicate that p21 is regulated by thep53 pathway. 

In many transformed cells, cyclins and CDKs associate in t 
binary complexes which form the core of the cell-cycle regulatory ' 
machinery. In normal cells, a major fraction of the cyclin kinases 
acquires two additional subunits and thereby forms quaternary 
complexes 4 ' 5 . We have isolated a cDNA encoding the one 
uncharacterized component of these quaternary complexes, p21. 
Reconstitution of quaternary complexes in insect cells revealed 
that p21 is a universal inhibitor of cyclin kinases. As such, p21 
inhibits cell proliferation upon overexpression in mammalian 
cells. Taken in conjunction with the previously demonstrated 
absence of p21 protein in the cell-cycle kinase complexes of cells 
with deficient p53, our results indicate that p21 could be a 
transcriptional target of the tumour suppressor protein, p53. 
One function of p53 is to act in a cell signalling pathway which 
causes cell-cycle arrest following DNA damage (see, for example 
ref. 8). We suggest that p21 forms a critical link between p53 
and the cell-cycle control machinery. □ 



Received ±2 November; accepted 1 December 1993. 

1. Xfong, Y., Zhang, H. & SBach, D. Genes Dev. 7, 1672-1583 (1993). 

2. Sherr, C. Calf 7Z, 1059-1066 (1993). 

3. Dreatta, Q, Trends blochem. Scl. IB, 378-383 (1990). 

t. Xiong. Y., Zheng, H. & Beach, D. Cell 71, 505-514 (1992). 
Zhang, H., Xlong. Y. & Beach, 0. Mo/ec. Biol. Cell 4, 897-906 (1993) 
Matsushlme, H. et ai Ceil 71, 323-334 (1992). 
Zhu, U et ah Genes Dev. 7, 1111-1125 (1993). 
Kastarv M. B. et ai. Celi 71, 587-597 (1992). 

Kawasaki, H.< Emori, Y. & SuzukJ, K. Anaiyt Blochem, let, 332-336 (1990). 
. Xlong,. Y., Mennlnger, J., Beach, D. & Ward. D, Genomics 13, 675-584 (1992). 
. Hannon, G. J., Demetrlck, D. & Beach, D. Genes Dev. 7, 2378-2391 (1993) 
, Draetta. G. & Beach, D. Cel! 84, 17-26 (1988). 

Ewen, M. E. et ai Cell 73, 4B7-497 (1993). 



--(NOWLEDGEMEOTS. We thank J. Smith and P. Burfiend for assistance with preparation of 
•nanuscrlpt and flow cytometry, respeoUvely, M. OcWer, p. Renna and J. Duffy for help with 
ography and graphics, M. Nichols. S, Matsumoto and C. Gawel for technical assistance 
jlonlng and sequencing the p2l cDNA, S. Allan for help with the colony formation sup- 
Ion assays, and M. Serrano for discussion and for help In compiling figures. Y.X. thanks 
irzluff for his help and encouragement We also acknowledge the gift' of baculovlrus 
hts from D. Morgan (UCSF) and S. Qruenwald (Pharmlngen). YX Is supported by the 
im In molecular biology of the University of North Carolina. Chapel Hill. D,B. Is an Invests 
J the Howard Hughes Medical institute. H.Z. Is a Research Associate of the Howard Hughes 
leal Institute. GJ.H. Is a postdoctoral fellow of the Damon Runyon-Walter Wlnchell Cancer 
,arch Fund. This work was supported by the NIH. YX and G.H. contributed equally to this 
•ark. 

704 



A new regulatory motif iei cell- 
cycle control causing specific 
inhibition of cyclin D/CDK4 

Manuel Serrano, Gregory J. Hannon 
& David Beach* 

Howard Hughes Medical Institute, Cold Spring Harbor Laboratory, 
PQ Box 100, Cold Spring Harbor, New York 11724, USA 

The division cycle of eukaryotic cells is regulated by a family of 
protein kinases known as the cyclin-dependent kinases (CDKs) 1 * 2 . 
The sequential activation of individual members of this family and 
their consequent phosphorylation of critical substrates promotes 
orderly progression through the cell cycle 3 ' 4 . The complexes 
formed by CDK4 and the D-type cyclins have been strongly impli- 
cated in the control of cell proliferation during the Gl phase , 
CDK4 exists, in part, as a multi-protein complex with a D-type 
cyclin, proliferating cell nuclear antigen and a protein, p21 (refs 
7-9). CDK4 associates separately with a protein of M r 16K, 
particularly in cells lacking a functional retinoblastoma protein 9 . 
Here we report the isolation of a human pl6 complementary DNA 
and demonstrate that p!6 binds to CDK4 and inhibits the catalytic 
activity of the CDK4/cyclin D enzymes. pl6 seems to act in a 
regulatory feedback circuit with CDK4, D-type cyclins and retino- 
blastoma protein. 

The yeast two-hybrid protein interaction screen 10 was used to 
search for proteins that can associate with human CDK4. Two- 
hybrid screening relies on reconstituting a functional GAL4 
transcriptional activator from two separate fusion proteins, the 
activation domain (GAL4 Hd ) and the DNA-binding domain 
(GAL4 db ). A positive cDNA clone was found which contained, 
in-phase with GAL4 ad , an open reading frame of 148 amino 
acids encoding a protein of M r 15,845 comprising four ankyrin 
repeats (Fig. la). We have named this protein plo"™* 4 (inhibitor 
of CDK4; see below). 

To test the specificity of the association between pl6 INK4 and 
CDK4, yeast cells were co-transformed with a plasmid encoding 
the GAL4 ud -pl 6 INK4 fusion and with plasmids encoding several 
different targets (see Fig. lb). Only the GAL4 db -CDK4 fusion 
interacted with GAL ad -pl6 K4 to an extent that allowed growth 
in the absence of histidine (Fig. lb). The specificity of this inter- 
action was studied in a cell-free system. A fusion protein consist- 
ing of glutathione ^-transferase fused to pl6 INK4 (GST-pl6 INK14 ) 
was expressed in bacteria and purified. GST~pl6* NK4 was mixed 
with different in y/Vro-transIated 35 S-labelled CDKs (Fig. lc, 
top), and the GST-pl6 INK4 fusion protein was recovered from 
foe different mixtures on glutathione-Sepharose beads. GST- 
pl6 TNK4 bcmnd much more e ffi c i ent i y to CDK4 (>30-fold) than 
to the other CDKs tested (Fig. lc, middle). The specificity of 
the CDK4/pl6 INK4 interaction was also studied in insect cells 
infected with a recombinant baculovirus encoding p!6 INIC4 and 
with baculoviruses encoding CDK4 or CDK2, respectively (Fig. 
Id), pi 6 4 was co-immunoprecipitated with anti-CDK4 (Fig. 
Id, lane 1), but not with anti-CDK2 (lane 4). Conversely pl6 IN * 4 
antibodies co-immunoprecipitated CDK4 (Fig. Id, lane 3), but 
not CDK2 (lane 6), These results demonstrate that pl6 INK4 
interacts specifically with CDK4. Glycerol gradient centrifuga- 
tion indicated that CDK4 and pl6 3Nk4 from insect cell extracts 
form a binary (1:1) complex (data not shown). 

Anti-CDK4 immunoprecipitates from a normal human 
diploid fibroblast line, W138, revealed that CDK4 associates 
with several proteins, cyclin Dl , proliferating cell nuclear antigen 
(PCNA), p21 and p!6 (Fig. 2a, lane I). Proteins present in this 
immxmoprecipitate probably represent at least two independent 
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complexes, one comprising the quaternary complex of CDK4, 
cyclin Dl> p21 and PCNA, and a binary complex containing 
CDK4 and pl6 (refs 7-9). In contrast, in VA13 and HeLa cells, 
CDK4 is predominantly, if not exclusively, associated with pi 6 
(Fig. 2a t lanes 5 and 9, respectively 9 ). VA13 is a SV40 virus- 
transformed derivative of W138, and HeLa cells express the 
papillomavirus E6 and E7 proteins. Anti-pi 6 miC4 immune-preci- 
pitates contained a protein of M r 16K which was readily detect- 
able in the transformed cell lines VA13 and HeLa (Fig. 2a s lanes 
7 and 1 1, respectively) and to a much lesser extent in the normal 
cell line W138 (lane 3). We also found that at least two other 
proteins, p33 and p38, specifically co-immunoprecipitate with 
pl6 iNK4 ( Fig 2a , lanes 3, 7, 1 1). The TV-chlorosuccinimide (NCS) 
partial proteolytic pattern of the CDK4-associated pl6 was 



identical to the pattern generated from immunoprecipitated 
pl6 1NK4 (Fig. 2b, compare lanes 1 and 2). In addition, the partial 
V8 protease patterns of the p!6-associated p33 and CDKL4 were 
identical (Fig. 2b 7 compare lanes 3 and 4 with lanes 5 and 6, 
respectively). These results show unequivocally that our cDNA 
encodes the CDK4-associated pi 6. The other apparent p 1 6 1NIC4 - 
associated protein, p38, might correspond to the CDK4- related 
kinase PSLIRE whose M r is close to 38K (ref. 11). 

We have reconstituted active CDK4/cyclin D complexes that 
can phosphorylate a fusion protein consisting of gluthathione 
^-transferase and a fragment of the retinoblastoma protein (Rb) 
termed the large pocket 12,13 (Fig. 3a, lanes 1, 2), Addition of 
extracts containing pi 6 INK4 abolished phosphorylation of GST- 
Rb by cyclin D2/CDK4 (Fig. 3a, lanes 3-5) whereas extracts 



CDK4 



AATTCGGCACGAGGCAGCATGGRGCCTTCGGCTGACTGGCTGGCCACGGCCGCGGCCCGG GO 

MEPSADWLATAAAR 14 

GGTCGGGTAGAGGAGGTGCGGGCGCTGCTGGAGGCGGTGGCGCTGCCCAACGCACCGAAT 120 

GRVBBVRALLEAVALPNAPN 34 

AGTTACGGTCGGAGGCCGATCCAGGTCATGATGATGGGCAGCGCCCGAGTGGCGGAGCTG 180 

SJfGRRP IQVMMMGSARVAEL 54 

CTGCTGCTC C ACGGCGCGGAGCCCAACTGC GCCGACCC CGCC ACTCTC AC CCG ACCCGTG 240 

I* It L HG A EP NCA DPATXtTRP V 74 

CACGACGCTGCCCGGGAGGGCTTCCTGGACACGCTGGTGGTGCTGCACCGGGCCGGGGCG 300 

RD AAREGFLD TLVVLHRAGA 94 

CGGCTGGACGTGCGCGATGCCTGGGGCCGTCTGCCCGTGGACCTGGCTGAGGAGCTGGGC 360 

RLDVRDAKGRLPVDLAEELG 114 

CATCGCGATGTCGCACGGTACCTGCGCGCGGCTGCGGGGGGCACCAGAGGCAGTAACCAi' 420 

HR D VARY L RAAAGGTRG SNH 134 

GCCCGCATAGATGCCGCGGAAGGTCCCTCAGACATCCCCGATTGAAAGAACCAGAGAGGC 4 BO 

AR I DAAEGPSDIPD* 148 

TCTG AGAAACCTCGGGAAACTTAGATCATC AGTCACCG AAGGTCCTACAGGGCCAC AACT 540 

GCCCCCGCC ACAACCCACCCCGCTTTCGTAGTTTTCATTTAGAAAATAGAGCOyrTTAAAA 600 

ATGTCCTGCCTTTTAACGTAGATATAAGCCTTCCCCCACTACCGTAAATGTCCATTTATA 6 60 

TCATTTTTTATATATTCTTATAAAAA 7 20 

C TGTGTTGGAGTTTTCTGG AGTGAGC ACTC ACGCCCTAAGCGCAC ATTC ATGTGGGCATT 7 B 0 

TCTTGCGAGCCTCGCAGCCTCCGGAAGCTGTCGACTTCATGACAAGCATTTTGTGAACTA B40 

900 



AAAGCTCAAATAAAAATAAAATTATTTTCATTCATTCACTCAAAAAAAAAAAAAAAAAAA 960 



1st repeat (4) SADWLAT. 

2nd repeat (36) Ygs£Bjp|lG| 

3rd repeat (69) tlt: 
4th repeat (102) 




(35) 
(67) 
(101) 
GTRGSN (133) 



ANK consensus 



G TPLHLAAR GHVEWKLLLD GADVNA TK 
A . I SQ NNLDIAEV K NPD D 
V K T M R Q SI N 
E 



FIG. 1 Sequence of the human pl6 ,NK4 cDNA and specific Interaction 
between p!6 ,NK4 and CDK4. a, Top, sequence of pl6 INK4 . We have noted 
b motif at the amino terminus of pl& mA (MX3ADWLATAX4RVEEVX2LL) 
which shows homology to the amino-terrnlnus of the cyclin box . This 
Is the same region, termed the P-box, which In B-type cyclins contributes 
to the activation of the cdc25 phosphatase 20 . However, mutation of this 
motif affected neither CDK4 binding nor Inhibition of CDK4 kinase by 
p!6 ,NK4 (our unpublished results). Bottom, pl6 ,N * 4 is formed by four 
ankyrin repeats . b, Yeast cells were simultaneously transformed with 
a plasmld expressing a GAL4 db -INK4 . fusion and with plasmlds 
expressingthe GAL4 0d fused to the Indicated CDK, PCNA or the budding 
yeast kinase, Snfl. Cells containing both plasmlds were streaked on 
plates with or without histldine. The ability to grow In the absence of 
hlstldine depends on the expression of the HIS3 gene that is under the 
control of a GAL4-responslve promoter, c, Purified, bacteria I ly produced 
GST-pl6 ,NK4 fusion protein was mixed with 35 S-tabelled in Wtro-trans- 
iated CDKs, as indicated. Top, analysis of an aliquot of the In vitro- 
translation products. Centre, ^labelled proteins recovered on ghjta- 
thlone-Sepharose beads following incubation with GST-pl6 ,N * ; 1% of 
the Input CDK4 was recovered in iane 3. Bottom, 35 S-Iabelled proteins 
recovered following Incubation with GST. Purification of GST-pl6 
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and binding assays were done as described 15 , d, 35 S-labelled insect 
ceils lysates expressing CDK4 and pl6 ,NM (lanes 1-3) or CDK2 and 
pl6 iNK4 {j anes 4_6) were immunoprecipitated with the Indicated 
antibodies. 

METHODS, a, For two-hybrid screening, human CDK4 (ref. 6) was fused 
to the GAL4 DNA-blnding domain In the pGBT9 vector (P. Bartel and S. 
Fields, unpublished data). The HeLa cDNA library was constructed as 
described* 5 except that a low-expression derivative (pGAD-GL) of pGAD- 
GH was used which lacks a 900-base pair (bp) Spnl fragment from the 
alcohol dehydrogenase promoter. Screening was done as described 10 . 
d, The recombinant baculovlrus expressing p!6 ,NH4 was constructed 
using the vector pVL1393 and the Baculo-Gold kit (Pharmingen). Bacu- 
lovlruses expressing CDK2 and CDK4 were obtained from D. Morgan 
and H. Zang, respectively. Preparation of eel! lysates and Immunoprecl- 
pitatlon were as described 15 . Antisera against GST~pl6 ,NK4 were gener- 
ated in rabbits by Pocono Rabbit Farm and Laboratory, Inc. Antibodies 
were Immunoaffinlty purified using a. GNBr-actlvated Sepharose 4B col- 
umn (Pharmacia) as described 22 . The antl-CDK4 peptide antibody has 
Deen described previously 0 . The antl-CDK2 antibody was raised against 
a synthetic peptide corresponding to the car boxy-terminal region of 
human CDK2 (provided by K. Galaktionov). 
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FIG. 2 pl6 tNM associates with 
CDK4 In human cells, a, Proteins 
were Immunopreclpltated from 
35 S-labelled lysates of W138 (lanes 
1-4), VA13 (lanes 5-8) or HeLa 
(Janes 9-12) cells with the Indica- 
ted antibody. The Identity of the 
proteins marked with arrows was 
determined previously for the anti- 
CDK4 immunoprecipitates 7,9 , and 
In this report for the anti-p!6 ,NK4 
Immunoprecipitates (see o). b, p!6 
co-immunoprecipltated from HeLa 
cell lysates with anti-CDK4 (lane 1) 
and p!6 INK4 immunoprecipitated 
from HeLa cell lysates with antl- 
p!6 ,NK4 (lane 2) were digested with 
15 mM NCS and digestion pro- 
ducts were analysed by SDS- 
PAGE. CDK4 Immunopreclpltated 

from HeLa cell lysates (lanes 3, 4) was compared with the pl6 ,NK4 - 
assoclated p33 (lanes 5, 6) by partial digestion with V8 protease, 100 ng 
(lanes 3, 5) or 500 ng (lanes 4, 6). 

METHODS, a, Immunopreclpitatlons were done as described 7 . The 
Immunoprecipitates were separated In a 12% polyacrylamlde gel (30:1 
acrylamide:bis-acrylamlde). In this gel system, the mobility of PCNA 
with respect to cyclin Dl is reversed (data not shown) in comparison 
with the gel system used In other reports (12.5% polyacrylamlde, 125 :1 
acrylamide:bis-acrylamlde 7 *" 9,18 ). b, in-gel partial digestion with V8 pro- 



VA13 



HeLa 



CYC D1 ^ 
PCNA- 
CDK4- 



P 21 
p16 



. ; ■^.•m ■ 

TT- Trr T*- 

-*s • ■ - 

• - - 

- ... - 
12 3 4 





- 29.0 



"5 6 7 8 



9 10 11 12 




18.4 — 



tease was performed as described 22 . For NCS partial digestion, gel 
slices were rehyd rated by soaking in water and equilibrated In NCS 
buffer (8.3 M urea; 50% acetic acid). NCS was added and gel slices 
were incubated for 30 min at room temperature. Digestion was stopped 
by soaking In water. Before electrophoresis, gel slices were equilibrated 
In gel buffer (62.5 mM Trls-HCI pH.7.0, 10% glycerol, 3% SDS, 15% jS- 
mercaptoethanol). Electrophoresis was done In gels containing 17.5% 
polyacrylamlde (250:1 acrylamlde:bls-acrylarnlde). 



containing p53 (lanes 6-8) had no effect. Identical results were 
obtained using extracts containing CDK4/cyclin Dl and 
CD K4 /cyclin D3 (data not shown). We have also found that 
two other members of the Rb protein family* pi 07 and pi 30 
(refs 14-16), are phosphorylated by cyclin D/CDK4 kinase in 
vitro, and that pi 6 4 inhibits phosphorylation of these sub- 
strates (data not shown). The CDK2/cyclin D2 kinase also 
phosphorylates GST-Rb in vitro 13 . Neither pl6 INK4 (Fig. 3a, 



lanes 11-13) nor p53 (lanes 14-16) inhibited the CDK2/cyclm 
D2 kinase, suggesting that the inhibition of CDK4 might be 
related to the interaction between pl6 INK4 and CDK4. To con- 
firm that this inhibition was due solely to the presence of pl6 1NK4 
in the insect cell lysates, we purified a histidine-tagged pl6 TNK4 
protein produced in insect cells (Fig. 36). The purified His- 
pl6 iNK4 prote j n inhibited the activity of the CDK4/cyclin D2 
complex (Fig. 3c, lanes 3-6) whereas a mock purification from 



FIG. 3 pl6 INK4 Inhibits CDK4/cyclin D2 .kinase, a, 
Extracts (2 p\) from baculovirus-infected insect cells 
expressing CDK4 (lane 1), CDK4 plus cyclin D2 
(lanes 2-8), CDK2 (lane 9) or CDK2 plus cyclin D2 
(lanes 10-16) were mixed with different amounts 
(1 ul, lanes 3, 6, 11, 14; 2 \i\ t lanes 4, 7, 12, 15; and 
4 lanes 5, 8, 13, 16) of similar extracts containing 
p!6 ,NK4 (lanes 3-5, 11-13) or human p53 (lanes 6- 
8, 14-16). Mixtures were then assayed for their 
ability to phosphorylate GST-Rb. b, Coomassle-blue- 
stained gel with purified His-pl6 ,NK4 (lane 1) and an 
equivalent volume of the mock purification (lane 2). 
c, Extracts (2 ul) containing CDK4 (lane 1) or CDK4 
plus cyclin D2 (lanes 2-10) were mixed with increas- 
ing amounts of purified HIs-pl6 ,NH4 (final concentra- 
tions: 2.5 ng ul x , lane 3; 5 ng uT , lane 4; 10 ng 
Hi"" 1 , lane 5; 20 ng uT 1 , lane 6) or with the equiva- 
lent volume of the mock purification, as Indicated In 
the figure (lanes 7-10), and tested for their ability 
to phosphorylate GST-Rb. 

METHODS, a, The recombinant baculovlrus directing 
the expression of cyclin D2 was obtained from S. 
Gruenwald. Extracts were prepared as described 3 - 2 . 
For kinase assays, extracts were mixed In kinase 
buffer (50 mM Trls-HCi pH 7.5, 10 mM MgC1 a , 1 mM 
dlthlothreitot) up to a final volume of 10 ul, and Incu- 
bated for 10 min at 30 °C. Reactions were started 
by addition of 2 ul containing 125 ng of purified 
GST-Rb large-pocket protein 12,13 (the piasmld was 
provided by M. Ewen), 25 uM ATP and 5 uCi[ 32 P- 
y]ATP (3,000 CI mmol; NEN). Reactions proceeded 
for 1 min at 30 °C, and were stopped by addition 
of 50 pi of a solution 0.5% NP40 and glutathione- 
Sepharose beads. Beads were loaded onto a 10% 
polyacrylamlde gel. b, A recombinant baculovlrus 
expressing His-tagged pl6 INM was constructed 
using vector pAcSG-Hls-NT-C and the Baculo-Gold kit 
(Pharrnlngen). Purification was done as described 23 . 
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insect cells infected with a non~recombinant baculoyirus 
(expressing the polyhedrin protein) produced no detectable inhi- 
bition (Fig. 3c y lanes 7-10). 

The biochemical properties of pl6 tNK4 suggest that it could 
act as a negative regulator of the proliferation of normal cells. 
The relative abundance of D-type cyclins and pl6 I>,K4 could 
determine the activity of the CDK4 kinase and thus regulate 
cell-cycle progression. The exclusive presence of the pl6/CDK4 
complex in cells transformed by a variety of DNA tumour 
viruses poses a paradox. This can, however, be resolved assum- 
ing that Rb and related 'pocket proteins' are the exclusive critical 
substrates of cyclin D/CDK4. If this is the case, in those cells 
lacking functional Rb the activity of CDK4 would be unneces- 
sary and thus the inhibitory role of pl6 JNK4 would be without 
effect. Consistent with this, it has been found that microinjection 



of cyclin Dl antibodies into SV40-transformed fibroblasts or 
Rb-defective SAOS-2 cells fails to cause cell-cycle arrest 17 . 
pl6 IKIC4 may act in normal cells in a negative feedback loop 
whose role is to downregulate CDK4 once Rb has been inactiva- 
ted by phosphorylation. In cells in which Rb is constitutively 
inactive, p!6™ K4 expression is increased, with consequent inhibi- 
tion of CDK4. However, in this situation, the negative feedback 
loop is futile as CDK4 kinase is not required for cell-cycle 
progression. 

We have identified two different negative regulators of cyclin 
kinases. Our data suggest that p2i affects cell-cycle arrest 
induced by p53 (ref. 18). pl6 IN * 4 is proposed to act both 
upstream and downstream of Rb to form a negative feedback 
loop which regulates the ability of Rb to prevent cell prolifera- 
tion. □ 
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The major events of the cell division cycle are triggered by periodic 
changes in the activity of cyclin-dependent protein kinases (CDKs). 
In mammals, the members of the CDK family include CDK2 and 
CDC2, which are thought to be involved in the control of DNA 
replication and mitosis, respectively 1 ^ 3 . The protein kinase activity 
of these enzymes is controlled by a complex array of 
mechanisms 4 " 6 . Activation of the CDK catalytic subunit requires 
association with a positive regulatory subunit (cyclin) and phos- 
phorylation (at Thr 160 in CDK2). This activated complex can be 
inhibited by additional phosphorylation at Thr 14 and Tyr 15. Here 
we report the identification of a new mechanism for the regulation 
of CDK2 activity. We find that CDK2/cyclin complexes in mouse 
fibroblasts associate tightly with a 20K protein (CAP20). Com- 
plexes containing CAP20 were isolated from cell lysates and found 
to have negligible kinase activity, indicating that CAP20 associa- 
tion in vivo may inhibit CDK2 activity. We purified CAP20 from 
3T3 cells and found that low concentrations of the protein com- 
pletely inhibit the kinase activity of CDK2 in vitro. Thus CAP20 
represents a new negative regulatory subunit that inhibits the activ- 
ity of CDK2/cyclin complexes in mammalian cells. 
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Our search for new regulators of CDK2 began with analyses 
of proteins that associate with CDK2 in mouse BAJLB/c 3T3 
fibroblasts. When CDK2 is irnrnuno precipitated From metabol- 
ically labelled lysates of these cells, two other proteins are also 
specifically immunoprecipitated {Fig. la, lanes 1-4). The larger 
protein (M r ~ 55,000 (55K)) is recognized by antibodies directed 
against cyclin A (results not shown) and probably represents 
cyclin A, the major cyclin partner for CDK2. The nature of the 
smaller protein (M r ~20K) is not known; we refer to this 
protein as CDK2-associated protein-20 (CAP20). CAP20 is not 
detectable in immunoprecipitates of CDC2 (Fig. la, lanes 5 
and 6). 

We found that cation-exchange chromatography can be used 
to isolate a subpopulation of CDK2 that is associated with 
CAP20. Metabolically labelled cell lysates were passed over an 
S-Sepharose column, which was washed and then eluted with low 
salt (100 mM NaCJ) and then with high salt (500 mM NaCl). 
Immunoprecipitation analysis revealed that CDK2 in the high- 
salt eluate, but not in other fractions, is associated with cyclin 
A and CAP20 (Fig. lb). Immunoprecipitates of cyclin A from 
the high-salt ehiate also contained CAP20 (Fig. 1c). Thus 
CAP20 is present in immunoprecipitates of both CDK2 and 
cyclin A from this fraction, suggesting that CAP20 is associated 
with CDK2/cyclin A complexes. 

We next used a similar procedure to separate CDK2/cyclin 
complexes containing CAP20 from those lacking the protein. 
Crude cell lysates were injected onto a Mono-S column, which 
was washed with lOOmM NaCl and then eluted with a linear 
salt gradient up to 500 mM NaCl. CDK2 eluted at two distinct 
positions : peak I eluted at -250 mM NaCl and Peak II eluted 
at —450 mM NaCl (Fig. 2a, b). Gel nitration analysis showed 
that CDK2 in both peaks migrated at the large size characteristic 
of CDK/cyclin complexes (Fig. 2c). Interestingly, measurement 
of CDK2 activity in Mono-S fractions revealed that CDK2 in 
peak II was essentially inactive (Fig. 2b). We estimate that the 
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